This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Bisphosphonates have been widely used in the treatment of osteoporosis with robust data from many placebo-controlled trials demonstrating its efficacy in fracture risk reduction over 3 to 5 years of treatment. Although bisphosphonates are generally safe and well tolerated, concerns have emerged about the adverse effects related to its longterm use, including osteonecrosis of the jaw and atypical femur fractures. Because bisphosphonates are incorporated into the skeleton and continue to exert an anti-resorptive effect for a period of time after the discontinuation of drugs, the concept of a "drug holiday" has emerged, whereby the risk of adverse effects might be decreased while the patient still benefits from anti-fracture efficacy. As randomized clinical trial evidence is not yet available on who may qualify for a drug holiday, there is considerable controversy regarding the selection of candidates for the drug holiday and monitoring during a drug holiday, both of which should be based on individual assessments of risk and benefit. This statement will provide suggestions for clinicians in South Korea on the identification of possible candidates and monitoring during a bisphosphonate drug holiday.
INTRODUCTION
Bisphosphonates decrease bone resorption by inhibiting osteoclast function. [1] Robust data from many placebo-controlled trials have also demonstrated the efficacy of bisphosphonates in fracture risk reduction with a vertebral fracture risk reduction ranging from 40% to 70% and relative hip fracture reduction of 40% to 70% over 3 to 5 years of treatment. [2] Bisphosphonates have been the most widely used agent in South Korea (about 80%) for the treatment of osteoporosis. [3] Bisphosphonates are generally safe and well tolerated. However, some unexpected possible adverse effects have been reported, including osteonecrosis of the jaw [4] and atypical femoral fractures. [5] Because bisphosphonates are incorporated into the skeleton and continue to exert an anti-resorptive effect for a period of time after the discontinuation of drugs, the concept of a drug holiday has emerg-http://dx.doi.org/10.11005/jbm.2015. 22.4.167 ed, whereby the risk of adverse effects might be decreased while the patient still benefits from anti-fracture efficacy. [6] However, there is considerable controversy regarding the optimal selection of candidates for the drug holiday and monitoring during a drug holiday, both of which should be based on individual assessments of risks and benefits. In addition, responsiveness to anti-resorptive effects differs between the Asian population and the white population, possibly owing to genetic, dietary, and environmental differences. [7] [8] [9] Hence, we propose a potential algorithm to guide physicians in South Korea, despite no available clear recommendations regarding the length of use and drug holidays based on the current research. These statements cannot and should not be used to govern health policy decisions about reimbursement or the availability of services. Furthermore, this statement is also not intended as rigid standards of practice.
The drug holiday concept
A. A drug holiday should be viewed as a temporary, not permanent, suspension of active therapy. B. It should be remembered that discontinuing a bisphosphonate may not necessarily be a "holiday" from treatment because persistence of the anti-resorptive effect is expected for an undefined period of time. C. Selection of candidates for the drug holiday and monitoring during a drug holiday needs to be tailored to the individual patients.
It is unusual to contemplate a drug holiday in the treatment of most chronic diseases because with most therapies, beneficial drug effects rapidly diminish with discontinuation. However, the long skeletal residence time of bisphosphonates and concern about the risks of rare adverse events with long-term therapy raise the possibility that bisphosphonate therapy may be interrupted for a "drug holiday," during which anti-fracture benefit might persist for a period of time while the potential risks are minimized. [6] The first question is whether stopping bisphosphonates is safe in regard to maintaining adequate prevention against developing osteoporotic fractures. Indeed, bisphosphonates are deposited in bones for at least 10 years, and when a bone containing bisphosphonate is resorbed, the bisphosphonate recirculates locally and systemically and is able to bind again to bone surfaces. Bone resorption continues to be inhibited over time, and the anti-resorptive effect persists after the drug has been stopped. [10] In assessing the maintenance of adequate prevention against developing osteoporotic fractures after stopping bisphosphonates, it would be ideal to have clinical trial data comparing fracture risk between patients who continue or stop therapy; unfortunately, only three prospective studies have addressed this issue (Fig. 1) . [11] [12] [13] In the Fracture Intervention Trial (FIT) Long-term Extension Trial (FLEX) ( Table 1) , subjects on alendronate for more than 5 years were randomized to either continue alendronate therapy for a total of 10 years or discontinue therapy after 5 years. [12] Although the subject number was small, those continuing alendronate for 10 years had fewer clinical vertebral fractures than the subjects receiving the drug for only 5 years (5.3% vs. 2.4%, respectively). There was no difference between the groups for morphometric vertebral or non-vertebral fractures. In the Health Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly (HORIZON)-Pivotal Fracture Trial (PFT; HORIZON-PFT) (Table 1) , subjects on zoledronic acid for 3 years were randomized to stop therapy or to continue on yearly zoledronic acid for 3 additional years. [11] Treatment for 3 additional years resulted in a 52% lower risk of morphometric vertebral fracture, compared with treatment for 3 years followed by placebo for the next 3 years (fracture rates 3.0% vs. 6.2%, respectively). The risks of other fractures-including clinical or symptomatic vertebral fractures-did not differ between the groups. In the Vertebral Efficacy with Risedronate Therapy-Multinational (VERT-MN), a small number of patients were given risedronate or placebo for 3 years and then followed for an additional one year after discontinuation (Table 1) ; the morphometric vertebral fracture incidence remained 46% lower in the former risedronate group, as compared with the former placebo group (6.5% vs. 11.6%, respectively). [13] However, there was no group of patients continuing on risedronate, hence it was not possible to compare the fracture risk of discontinuing therapy with continuing therapy (Table 1) . The second question is whether stopping bisphosphonates reduce the risk of complications. In assessing the reduction of risk of complications after stopping bisphosphonates, it would be helpful to have clinical trials comparing the rates of adverse and serious adverse experiences in subjects randomized to continuing or discontinuing bisphosphonate therapy. It stands to reason that if rare undesirable medical occurrences are causally related to bisphosphonate use, then the risk should diminish over time as the bisphosphonate is eliminated from the bone. However, apart from the Swedish study suggesting that the risk of atypical femoral fractures decreases following discontinuation of oral bisphosphonate, [14, 15] there are no data to answer this question.
Those data suggest the following after bisphosphonate exposure of 3 to 5 years in postmenopausal women with osteoporosis: the protection from fractures persists for an unknown interval of time in selected patients when therapy is withdrawn; that the protection wanes within 3 to 5 years of discontinuation; and that the risk of atypical femoral fractures increases with the duration of therapy but may decrease upon withdrawal of treatment. There are limited data to guide decision-making about the initiation and termination of "drug holidays. " Currently, an observational study is in process to compare the effects on bone quantity and quality during a 2-year drug holiday after 2 years of bisphosphonate use (NCT01406613). However, until these results are available and randomized controlled clinical trials are published, physicians are asked to use their best clinical judgment to determine who qualifies for a drug holiday. In the absence of clear evidence, any recommendations for the selection of candidates for the drug holiday and monitoring during a drug holiday can only be "expert opinion" and should be individualized according to a consideration of all available clinical information.
Furthermore, a drug holiday should be viewed as a temporary, not permanent, suspension of active therapy. It should be remembered that discontinuing a bisphosphonate might not necessarily be a "holiday" from treatment, because persistence of the anti-resorptive effect is expected for an undefined period of time. In regard to determination of the optimal duration for bisphosphonate therapy, there are only 3 prospective studies containing information about fracture risk upon discontinuing bisphosphonate therapy, such as alendronate, risedronate, and zoledronic acid. [11] [12] [13] There is no information about fracture risk upon discontinuing ibandronate therapy. Hence, we suggest that the drug holiday may be considered after 5 years from alendronate and risedronate and after 3 years from zoledronic acid.
In regard to selection of the appropriate candidates for drug holiday, there have been some suggestions ( Table 2) . One study proposed to stratify patients based on their known or potential risk of fracture. [16] High-risk patients include patients with prior history of fractures, low T-scores, and secondary osteoporosis because of the use of chronic glucocorticoids, or from diseases such as hyperthyroidism, hyperparathyroidism, rheumatoid arthritis, or other disease states than can cause severe immobility, for instance, multiple sclerosis. In those kinds of patients, it was recommended continuing bisphosphonate therapy for up to 10 years, and then a drug holiday could be considered (Table 2) . If a holiday from the bisphosphonate in high-risk patients is considered after 10 years, interval treatment with other agents, such as parathyroid hormone or selective estrogen receptor modulator, may be warranted. [16] In moderaterisk patients, they suggested drug holiday after 5 to 10 years and in low-risk patients after 3 to 5 years of bisphosphonate therapy. Bisphosphonates should then be resumed if bone mineral density (BMD) decreases or the patient has a fracture. The duration of a drug holiday is unknown, but the authors propose 1 to 2 years in high-risk patients, 3 to 5 years in moderate-risk, and indefinitely in low-risk patients. This proposal was also cited in the American Association of Clinical Endocrinologists (AACE) guideline. [17] Recently, the U.S. Food and Drug Administration (FDA) issued an advisory to provide additional guidance to physicians. [18] The FDA analyzed the 3 long-term extension trials: FLEX, HORIZON-PFT, and VERT-MN. Although the primary endpoint in the extension trials was BMD, the FDA analyses included both BMD and fracture outcomes (vertebral and non-vertebral). In their review of FLEX, the panel reported that the rates of vertebral and non-vertebral osteoporotic fractures were similar whether participants continued to receive alendronate for up to 10 years or were swit ched to a placebo. Also, the panel noted that fracture Table 2 . Suggested high-risk patients who were considered the continued treatment after the adequate duration of treatment Author Suggested high risk patients Watts et al. [16, 17] Prior history of fractures, low T-scores, and secondary osteoporosis because of the use of chronic glucocorticoids, or from diseases such as hyperthyroidism, hyperparathyroidism, rheumatoid arthritis, or other disease states than can cause severe immobility such as multiple sclerosis Whitaker et al. [18] A history of fracture and a T-score still ≤-2.5
McClung et al. [19] T-score still ≤-2.5 at the hip, previous fracture of the hip or spine or ongoing high-dose glucocorticoid therapy Black et al. [20] 1) T-score still ≤-2.5 at the femoral neck 2) An existing vertebral fracture and T-score still ≤-2.0 at the femoral neck rates appear to be constant when all data on vertebral and non-vertebral osteoporotic fractures with long-term therapy are pooled from the 3 extension trials. For example, in patients who received continuous bisphosphonate treatment for at least 6 years, the fracture rates ranged from 9.3% to 10.6%, whereas the rate for patients switched to a placebo was 8.0% to 8.8%. These data question the benefit of extended therapy with bisphosphonates after 5 years of fracture prevention. Therefore, the FDA recommended periodic assessment of a patient's need for continued therapy, taking into account their individual risks and benefits and patient preference to optimize the efficacy of bisphosphonates in reducing fracture risk. In this regard, patients at low risk for fracture (e.g., younger patients without a fracture history and with a BMD approaching normal) may qualify for drug holiday after 3 to 5 years, whereas patients at higher risk of fracture (e.g., older patients with a history of fracture and a BMD remaining in the osteoporotic range) may benefit from continued bisphosphonate therapy (Table 2). These recommendations were also suggested by other groups. [19] The response to the FDA advisory commented that the FDA analysis focused on the composite end point of all fractures, both vertebral and non-vertebral, when the original preplanned analyses of the extension studies separated vertebral and non-vertebral fractures because of "their distinct pathogenesis and different responses to treatment". [20] According to that analysis, the risk for vertebral fractures was shown to be reduced with continued bisphosphonate therapy beyond 3 to 5 years, whereas evidence was lacking for non-vertebral fractures. Data from FLEX was used to estimate the number needed to treat (for 5 additional years) to prevent one clinical vertebral fracture (in subgroups defined by BMD at the femoral neck and by prevalent vertebral fractures status at entry in FLEX) ( Table 3 ). The risk of vertebral fracture is highest and the numbers needed to treat are lowest for patients with a femoral neck T-score ≤-2.5, which suggests that it may reasonably be expected that these patients would benefit by continuing bisphosphonate therapy. In addition, patients with a preexisting vertebral fracture with a femoral neck T-score ≤-2.0 may also benefit from continuation (Table 2) . Thus, in general, we consider that the following individuals are at a high risk for fractures and appear to benefit most from continuation of bisphosphonates: those with a T-score at any site still ≤-2.5 after bisphosphonate therapy (5 years for alendronate and risedronate, and 3 years for zoledronic acid), previous fracture of the hip or spine, or secondary osteoporosis from chronic diseases or medication. Alternative therapy (e.g., parathyroid hormone or selective estrogen receptor modulator) may be used for individuals with a high risk. Individuals without a high risk for fractures are unlikely to benefit from continued treatment after bisphosphonate therapy for 3 to 5 years.
Furthermore, there are some considerable factors guiding the determination of drug holiday, such as the variable anti-resorptive potency and binding affinity of each bisphosphonate, and a demonstration of compliance with the therapy. The variable anti-resorptive potency and binding affinity of each bisphosphonate are owing to their unique side chains. Zoledronic acid has the highest potency, followed by risedronate, ibandronate, and alendronate. Binding affinity is highest for zoledronic acid and decreases in order of magnitude for alendronate, ibandronate, and risedronate, respectively. [1, 16] This may be owing to a greater affinity of alendronate and zoledronic acid to hydroxyapatite, compared with risedronate and ibandronate. [21] The skeletal binding sites for bisphosphonate are nearly unsat- Table 3 . Risk of clinical vertebral fracture and number needed to treat to prevent one clinical vertebral fracture for 5 years in FLEX study urable, thereby leading to a significant accumulation of bisphosphonates whereas release of bisphosphonates may be small, as it partly depends on bone turnover, which is reduced by the use of bisphosphonates. [21] For example, after 10 years of alendronate use at a dose of 10 mg daily (70 mg weekly), the amount of alendronate released over several months or years would be equivalent to taking onequarter of the usual dose. [22] In general, zoledronic acid and alendronate maintain a prolonged effect after discontinuation, whereas others, such as risedronate, have a more rapid offset. [21] Another factor to consider in the drug holiday is a demonstration of compliance with the therapy. A recent retrospective register study about the residual treatment effect of alendronate and risedronate in Swedish clinical practice suggests that the duration of bisphosphonate therapy is significantly inversely associated with the incidence of hospitalized fractures following discontinuation.
[23] Specifically, during the first 6 months after terminating treatment, the adjusted fracture rates were considerably lower in patients who had been persistent with treatment for more than 12 months, compared with those who had stopped treatment within 1 month (hazard ratio [HR] =0.40). It is known that 70% of bisphosphonate users discontinued their prescriptions after 1 year of use in South Korea. [3] Therefore, the decision to go on drug holiday after 3 to 5 years should be after assurance of continuous use of bisphosphonates during the initial therapy period.
Monitoring during a drug holiday
A. Parameter for monitoring during a drug holiday i. Consider the annual measurement of BMD using dual energy X-ray absorptiometry. B. Restart therapy after a drug holiday i. Consider re-treatment if there is a significant decrease in BMD. ii. Consider re-treatment if T-score reaches ≤-2.5 or a new osteoporotic fracture occurs.
There are no data providing information on how to monitor patients or when to restart therapy after a drug holiday. In the absence of guidance from clinical trials, empiric approaches are necessary. Although the approach has not been studied, BMD and biochemical markers of bone turnover (BTMs) measured after discontinuation may provide information about the persistence of the effect of the retained bisphosphonate. A significant decrease in BMD or a significant increase in BTMs suggests that the benefits of bisphosphonate therapy may be diminishing and that it may be time to return to active therapy. [24] A recent study, a post hoc analysis of FLEX participants randomized to placebo after receiving 5 years of oral alendronate therapy, [25] showed that older age and lower total hip BMD at the time of discontinuation were associated with higher rates of clinical fracture during the next 5 years, but neither 1-year changes in BMD nor 1-and 3-year changes in BTMs levels (urinary type 1 collagen cross-linked N-telopeptide and bone-specific alkaline phosphatase) were associated with fracture risk. Similarly, most associations between 2-or 3-year changes in BMD and fracture risk were not statistically significant, although there were fewer fractures after the second (n=70) and third (n=57) annual visits included in the analysis. The risk of fracture was elevated among those with greater total hip bone loss after 2 or 3 years of follow-up, but after adjustment for age and baseline BMD at the time of discontinuation, only the 2-year total hip bone loss greater than 3% was significantly associated with fracture risk (relative HR=1.68, 95% confidence interval=1.05-2.72). Neither a 2-or 3-year change in BMD at the femoral neck nor a 3-year change in BMD at the lumbar spine was associated with fracture risk. Therefore, more research is needed about the role of serial bone density testing and BTMs in monitoring fracture risk after therapy cessation, as well as the optimal therapies to use following a drug holiday. Another untested approach is to reevaluate the patient after discontinuation, thereby making the decisions to restart therapy based on an updated assessment of fracture risk using algorithms initially developed for untreated individuals. For example, if the patient has a T-score ≤-2.5, or if the patient has a T-score between -1.0 and -2.5 and a World Health Organization's Fracture Risk Assessment estimate of fracture risk that meets treatment guidelines, then consider reinitiating therapy. If, at any time during the drug holiday there is a fracture, restarting therapy (not necessarily a bisphosphonate) is advised. Monitoring with BMD and BTMs after discontinuation of alendronate therapy does not appear to improve fracture prediction, however, we propose the annual measurement of BMD and consideration of re-treatment if there is a significant decrease in BMD, a T-score reaches ≤-2.5, or new osteoporotic fracture occurs.
Remaining questions
Randomized clinical trial evidence is not yet available on who may qualify for a drug holiday, thus many additional issues urgently need epidemiologic, clinical, and economic research in the Korea. For example, the following several issues need to be addressed.
• More research is needed about the length of time for which bisphosphonate treatments continue to work after they are stopped. 
CONCLUSION
Though bisphosphonates are commonly used in the prevention of fracture and treatment of osteoporosis in South Korea, there remains much controversy surrounding its potential side effects from prolonged use. Until further evidence is published, there are no clear recommendations regarding the length of use and drug holidays. Based on the current research, a potential algorithm to guide physicians in South Korea is proposed (Fig. 2) . If the patient does not have a high risk for fractures, then a drug holiday was considered after 3 to 5 years (5 years for alendronate and risedronate and 3 years for zoledronic acid). During the drug holiday, patients were re-evaluated for risk of fracture with an annual measurement of BMD. If patient meets the criteria for therapy (such as a significant decrease in BMD, T-score ≤-2.5, or new osteoporotic fracture), then re-start a treatment. If the patient has a high risk of fractures (Tscore at any site still ≤-2.5 after bisphosphonate therapy, previous fracture of the hip or spine, or high risk of fracture because of secondary osteoporosis from chronic diseases or medication), then can maintain a drug depending on their BMD and fracture status.
